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I. INTRODUCTION 

T!le Nat ional  Cl imat ic  Data Center  has  t h e  
r e s p o n s i b i l i t y  t o  f u l f i l l  t h e  mandate of Con:ress 
"...to e s t a b l i s h  and record the  c l i m a t i c  
c o n d i t i o n s  of t h e  United S t a t e s "  (15  U.S.C. 313). 
The World H e t e o r o l s g i c a l  Organizat ion (WMO) 
recooolnds t h a t  member c o u n t r i e s  should compute 
normals f o r  r e p r e s e n t a t i v e  s t a t i o n s .  Normals a r e  
def ined  a s  "period averages computed f o r  a  
uniform and r e l a t i v e l y  long period comprising a t  
l e a s t  t h r e e  consecu t ive  ten-year periods" (WMO, 
1979). 

Combining t h e  VnO recommendations with t h e  
Congressional  mandate, t h e  Nat iona l  Cl imat ic  Data 
Center  p repares  d a i l y  normals of maximum and 
minimum temperatures. Dai ly  normals a r e  not  
e x p l i c i t l y  t r e a t e d  i n  t h e  WHO r e g u l a t i o n s ,  bu t  
per iod averages a r e  def ined  a s  t h e  " a r i t h m e t i c a l  
mean of c l i m a t o l o g i c a l  data..." (UMO. 1979). 

The published 1951-80 d a i l y  normals of 
aaximum and minimum temperatures  were prepared by 
i n t e r p o l a t i n g  between average monthly values.  
The i n t e r p o l a t i o n  scheme w a s  a  c u b i c  s p l i n e  f i t  
fo l lowing  t h e  procedures descr ibed  by G r e v i l l e  
(1967). The s e r i e s  of d a i l y  va lues  r e s u l t i n g  
from t h e  cub ic  s p l i n e  y i e l d s  a  smooth curve 
throughout t h e  year  t h a t  r e p r e s e n t s  t h e  annual  
temperature c y c l e  f o r  a  s t a t i o n .  Each s e r i e s  was 
e d i t e d  t o  remove s p u r i o u s  i n f l e c t i o n  p o i n t s  
caused by rounding and t o  ensure f u n c t i o n a l  
r e l a t i o n s h i p s  and c o n s i s t e n c i e s  among t h e  s e v e r a l  
v a r i a b l e s  f o r  which normals were prepared. 

These publ ished normals a r e  s y n t h e t i c  i n  t h e  
sense  t h a t  they a r e  i n t e r p o l a t e d  from montNy 
values.  The WWO (1?83) d i s c u s s e s  syn thes ized  
d a t a  from t h e  viewpoint of d a t a  r e c o n s t r u c t i o n  
and e s t i m a t i o n  of missing va lues ,  but  not  from 
t h e  viewpoint of s u b s t i t u t i o n  f o r  a v a i l a b l e  da ta .  
Of importance,  however, i s  t h e  WMO g u i d e l i n e  t h a t  
s y n t h e s i z i n g  be based on sound phys ica l  reasoning 
and i n d i c a t e  t h e  probable e r r o r  involved. This  
paper examines t h e  e r r o r s  i n  t h e  s y n t h e t i c *  
published normals. 

I n  o rder  t o  examine t h e  e r r o r ,  th i r ty -year  
averages of s e r i a l l y  complete d a i l y  maximum and 
ninimum temperatures  observed a t  7 4  Nat ional  
Weather Service f i r s t - o r d e r  s t a t i o n s  from 1951-80 
i n  t h e  e a s t e r n  ha l f  of the  United S t a t e s  were 
computed. Figure 1 shows t h e  s t a t i o n  l o c a t i o n s .  
These averages  were then arranged i n t o  s e r i e s  of  

365 d a i l y  maximum and 365 d a i l y  minimum 
tempera tures  f o r  each s t a t i o n  and a r e  c a l l e d  
30-year average d a i l y  temperatures. The s t a t i o n  
network c o n t a i n s  s t a t i o n s  t h a t  d i d  n o t  experience 
s i g n i f i c a n t  moves dur ing  t h e  30-year period.  

T h i s  s tudy  compares t h e  publ ished normal and 
30-year average d a i l y  temperatures  wi th  t h e  
purpose of determining how wel l  t h e  published 
normals d e s c r i b e  t h e  d a i l y  temperature cl imate.  
I f  s i g n i f i c a n t  d e p a r t u r e s  a r e  found, they ahould 
be i d e n t i f i e d  and descr ibed  s i n c e  energy u s e r s  
and p lanners ,  fa rmers  and o t h e r s  could be 
impacted. I f  t h e  publ ished n o m a l s  p resen t  an 
adequate d e s c r i p t i o n ,  then t h e  cub ic  s p l i n e  
i n t e r p o l a t i o n  through mean monthly va lues  i s  a  
c o s t - e f f e c t i v e  procedure f o r  computing normals. 
The c o a t  effect ivenescl  r e s u l t s  from reduced 
process ing  when working w i t h  12 monthly va lues  
i n s t e a d  of 365 d a i l y  va lues .  

2. COMPARATIVE ANALYSIS 

The i n i t i a l  hypothes i s  i n  t h e  a n a l y s i s  was 
t h a t  i f  t h e  annual  s e r i e s  of normals and 30-year 
average d a i l y  v a l u e s  r e p r e s e n t  n e a r l y  t h e  same 
curve ,  then t h e  s e r i e s  of  d i f f e r e n c e s  between the  
t v o  curves  should be random and uncor re la ted .  
The d i f f e r e n c e  s e r i e s  of both maximum and minimum 
temperatures  were sub jec ted  t o  l i n e a r  t r e n d ,  runs 
up and down, r u n s  above and below t h e  mean, and 
s e r i a l  c o r r e l a t i o n  t e s t s .  The t e s t s  were 
performed using t h e  STATLIB computer package 
(Tryon and Donaldson, 1978) and a r e  descr ibed  i n  
t h e  OMNITAB User 's  Guide (Ku, 1973) w i t h  f u r t h e r  
d e s c r i p t i o n  g iven  by Hald (1952) and Brownlee 
( 1960)- 

The hypothes i s  was r e j e c t e d  a t  t h e ,  .05 
confidence l e v e l  f o r  a l l  s t a t i o n s  f o r  both 
maximum and minimum temperatures .  Tes t  r e s u l t s  
i n d i c a t e d  h igh ly  s i g n i f i c a n t  non-randomness from 
t h e  r u n s  t e s t s  and a  h igh ly  s i g n i f i c a n t  s e r i a l  
c o r r e l a t i o n .  L i n e a r  t r e n d s  were not  apparent  a t  
any s t a t i o n .  S e l e c t e d  t ime p l o t s  of t h e  annual 
d i f f e r e n c e  s e r i e s  i n d i c a t e d  t h a t  the  
non-randomness could p o s s i b l y  be a t t r i b u t e d  t o  
mixing of d i f f e r e n t  seasonal  synoptic  
environments. Note i n  Figure 2 ,  f o r  example, t h e  
g r e a t e r  v a r i a t i o n  i n  the 30-year average d n i l y  
temperature s e r i e s  durlng t h e  winter  season 
compared t o  t h e  summer season. 

The t e s t s  were repeated on seasona l  (January 
through March, ..., October through December) 
d l f  f e rence  s e r i e s .  S imi la r  r e s u l t s  were 





Runr Runr 
Runs Above Below Serial  

Up Down Mean Mean Correlation 
Max Hin .H.x 2 m& - 

Jan-Mar 
Accept 48 41 73 67 74 72 
Reject 26 33 1 7 0 2 

Apr-Jun 
Accept 49 34 72 71 74 74 
Reject 25 4 0  2 3 0 0 

Jul-Sep 
Accept 24 10 67 59 74 74 
Reject 50 64 7 15 0 0 

Occ-Dec 
Accept 46 1 2  72 70 74 72 
Reject 28 32 2 4 0 2 

The second q u a r t e r  r e s i d u a l  maximum 
temperature p a t t e r n  was s i m i l a r  t o  t h a t  of  the  
f i r s t  q u a r t e r .  The r e s i d u a l  minimum temperature 
p a t t e r n  shoved r a n d o m e s s  i n  t h e  Tennessee and 
Ohio Val leys  northward i n t o  Michigan and 
Yirconsin.  The Southeas t  was c o n s i r t e n t l y  
non-random. No c o n s i s t e n c y  van e v i d e n t  from West 
V i r g i n i a  northeastward through Nav England. 

Residual  maximum temperatures  i n  t h e  sunrmer 
q u a r t e r  d i d  no t  e x h i b i t  any d i s c e r n i b l e  
geographica l  p a t t e r n  of randomness excep t  i n  t h e  
Gulf Coast ,  F l o r i d a  and sou thern  Georgia area.  
I n  t h i s  r e g i o n ,  non-randomness p reva i led .  The 
r e s i d u a l  sumraer minimum temperatures  v e r e  
non-random throughout  t h e  e a s t e r n  h a l f  of t h e  
United S t a t e s  excep t  f o r  a few s c a t t e r e d  s t a t i o n s  
i n  t h e  n o r t h e r n  s t a t e s .  Because of t h e  amall  
v a r i a b i l i t y  and p e r s i s t e n t  f e a t u r e  of  summer 
temperatures  a t  most l o c a t i o n s ,  t h e  r e s i d u a l s  
were o f t e n  zero. The e x c e l l e n t  f i t  of  t h e  model 
l e d  t o  long  runs  i n  t h e  r e s i d u a l  s e r i e s  thereby  
caus ing  t h e  r u n s  t e s t  hypothes i s  t o  be r e j e c t e d .  

Autumn maps d i d  no t  e x h i b i t  any geographical  
c o n s i s t e n c i e s  i n  e i t h e r  t h e  r e s i d u a l  maximum o r  
linimum temperatures .  

Lacking geographica l  c l u e s  f o r  t h e  n a t u r e  of 
t h e  r e s i d u a l  d a t a ,  t ime s e r i e s  by q u a r t e r  (F igure  
4 ,  f o r  example) were examined f o r  s e v e r a l  
s t a t i o n s .  Obvious c y c l e r  and t r e n d s  t h a t  may 
have caused t h e  non-randomness were no t  apparent .  
However, a few i n t e r e s t i n g  p a t t e r n s  emerged t h a t  
warranted f u r t h e r  i n v e s t i g a t i o n .  A s u b j e c t i v e  
a n a l y s i s  o f  t h e  s e r i e s  revea led  t h e  p o s s i b l e  
e x i s t e n c e  of  a J a n u a r y  thaw, a coo l  per iod a t  t h e  
end of March, varming i n  A p r i l ,  l a t e  summer 
warning, and a November warming followed by cold 
temperatures .  

These p e r i o d s  were then examined i n  more 
d e t a i l .  The 30 v a l u e s  (1951-80) f o r  a calendar  
d a t e  of  maximum and minimum temperatures  a t  a l l  
74 s t a t i o n s  v e r e  e x t r a c t e d  from t h e  d a t a  base f o r  
January 16 - February 4 ,  March 12-30, A p r i l  
12-30, August 26 - September 14 and November 10 - 
December 4. The d e p a r t u r e s  of  t h e  temperatures  
from t h e  publ ished normals v e r e  computed, and the  
number of p o s i t i v e  and nega t ive  depar tu res  f o r  
each d a t c  v e r e  t a b u l a t e d .  
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Figure 4 .  Maxinun tsmpemture differences 
(sotid curve) and residua28 from persistence 
mode2 (dotted curve).  



Hypothes i z ing  t h a t  i f  t h e  normals  a d e q u a t e l y  
r e p r e s e n t  t h e  c l i m a t e ,  t h e  number o f  p o s i t i v e  
d e p a r t u r e s  f o r  a d a t e  shou ld  e q u a l  t h e  number o f  
n e g a t i v e  d e p a r t u r e s ,  1.e.. t h e  median v a l u e  o f  
t h e  d e p a r t u r e s  shou ld  e q u a l  ze ro .  Using a s i g n  
test d e s c r i b e d  by van  d e r  Waerden (1969). t h e  
c o n f i d e n c e  l i m i t s  f o r  t h e  median were de te rmined .  
The d e p a r t u r e  d i s t r i b u t i o n s  were  t h e n  t e s t e d  a t  
t h e  .OS c o n f i d e n c e  l e y e l  f o r  t h e  n u l l  h y p o t h e s i s  
t h a t  t h e  obse rved  medians were  s t a t i s t i c a l l y  
e q u a l  t o  zero. 

S i g n i f i c a n t  p o s i t i v e  d e p a r t u r e s  o f  b o t h  t h e  
naximum and minimum t e m p e r a t u r e s  o c c u r  i n  J a n u a r y  
i n  t h e  n o r t h e a s t  p a r t  of t h e  s t u d y  a r e a .  F i g u r e  
5 shove t h e  s i g n i f i c a n t  d a t e s  o f  t h e  minimum 
t e m p e r a t u r e s  ( t h e  map f o r  t h e  maximum 
t e m p e r a t u r e s  is e s s e n t i a l l y  t h e  same). What i s  
commonly known a s  t h e  J a n u a r y  thaw a p p e a r s  t o  
beg in  a round  J a n u a r y  20 i n  t h e  Grea t  Lakes 
s t a t e s  and t h e n  p r o g r e s s e s  sou theas tward  i n  
time. I t  a l s o  a p p e a r s  i n  New England around 
J a n u a r y  24. The d u r a t i o n  o f  t h e  above normal 
t e m p e r a t u r e s  i s  a b o u t  t h r e e  t o  f i v e  days .  P i g u r e  
6 shows t h a t  c o l d  t e m p e r a t u r e s  f o l l o w  t h e  J a n u a r y  
thaw. P a r t  a) i n d i c a t e s  a t endency  f o r  t h e  
n o r t h e r n  states t o  have below normal minimum 

Pigure 5. Dates of signifi- 
cant January wmning. 

t e m p e r a t u r e s  f o r  two o r  t h r e e  d a y s  a t  t h e  end of  
J a n u a r y  and beg inn ing  o f  Februa ry .  Dur ing  t h i s  
same p e r i o d ,  p a r t  b) shows t h a t  maximum 
t e m p e r a t u r e s  a r e  c o l d e r  t h a n  normal  a l o n g  t h e  
mid -At l an t i c  Coas t .  

F i g u r e  7 d e p i c t s  t h e  d a t e s  o f  s i g n i f i c a n t  
below-normal maximum t e m p e r a t u r e s  i n  March. 
A l though  n o t  shown, t h e  minimum t e m p e r a t u r e s  show 
t h e  same p a t t e r n .  The n o r t h e r n  a r e a s  i n d i c a t e  
two p e r f o d s  o f  c o l d  around March 15-17 and 24-26. 
The s o u t h e r n  a r e a s  i n d i c a t e  one c o l d  p e r i o d  
a round  March 26-27. About one  month l a t e r .  
warmer t h a n  normal  t e m p e r a t u r e s  a r e  common s o u t h  
o f  New England and Michigan, a s  shown i n  F i g u r e  
8. The maximum tempera tu re  p a t t e r n  i n  t h i s  
f i g u r e  i s  t h e  same a s  t h e  n in imua  t e m p e r a t u r e  
p a t t e r n  ( n o t  shown). 

L a t e  summer warming o f  a magni tude o f  more 
than  3 d e g r e e s  above normal o c c u r s  d u r i n g  t h e  
l a s t  week i n  August i n  t h e  n o r t h e r n  s t a t e s .  
A week l a t e r  t h e  s o u t h e r n  states a p p e a r  t o  be 
warmer t h a n  normal ,  b u t  t h e  magni tude i s  o n l y  
abou t  1-2 d e g r e e s .  F i g u r e  9 shows t h e  minimum 
t e m p e r a t u r e  p a t t e r n ;  maximum t e m p e r a t u r e s  e x h i b i t  
a s i m i l a r  p a t t e r n .  

Pigurs 6. &toe of significant January-February cooling. 

Pigure 7. Dates of stgnifi- 
cant March cooling. 

Figure 8. Dates oj' signifi- Pigure 9. Dates of oignifi- 
cant April arming. cant August-September wrzmning. 



Figure 10 .  Date8 of o i g n i f i m t  November 

Uaximum temperatures  i n  t h e  southern 
two-thirds of t h e  s t u d y  a r e a  a r e  warmer than 
normal i n  mid-November (Figure 10a) .  Above 
normal minimum temperatures  do no t  f o l l o v  t h e  
same p a t t e r n .  Two s e p a r a t e  geographical  a r e a s  
(F igure  l o b ) ,  t h e  Great  Lakes and 
F l o r i d a ,  exper ience  mid-November above normal 
temperatures. A t  t h e  end of t h e  month, co ld  
minimum temperatures  p r e v a i l  throughout the  
e a s t e r n  U S .  from November 29-December 2 (F igure  
11). Maximum temperatures  ( n o t  ohovn) e x h i b i t  
a s i m i l a r  p a t t e r n .  

Whether t h e  anomalies from t h e  normals shown 
i n  Figures  5-11 a r e  c l i m a t i c  s i n g u l a r i t i e s  o r  
f a i l u r e  of t h e  s p l i n e  f i t  t o  adequately represen t  
seasona l  t r a n s i t i o n s  i s  s p e c u l a t i v e .  Fur ther  
r e s e a r c h  is  necessary t o  d e s c r i b e  t h e  anomalous 
p e r i o d s  i n  terms of c l i m a t i c  p a t t e r n s  r a t h e r  than 
i n  terms of  d e p a r t u r e s  from a mathematical 
i n t e r p o l a t i o n  procedure. 

Acknowledging t h a t  t h e  t v o  s e t s  of maxirn~m 
and minimum temperatures  a r e  d i f f e r e n t ,  t h e  
q u e s t i o n  remains, how d i f f e r e n t  a r e  they? Maps 
were prepared of t h e  range of  d i f f e r e n c e s  by 
season and v a r i a b l e .  Winter maximum temperature 
d i f f e r e n c e  ranges  a r e  l a r g e s t  i n  t h e  Tennessee 
Valley (12-13 degrees )  and s m a l l e s t  i n  southern 
F lor ida  (4-5 degrees) .  Secondary minima occur  
a long  t h e  e a s t e r n  s h o r e  of  Lake Michigan ( 6  
degrees )  and i n  t h e  Middle A t l a n t i c  - southern 
New England a r e a  (6-8 degrees) .  Secondary maxima 
occur  i n  nor thern  Ohio (11 degrees )  and i n  
n o r t h e r n  Vermont and New Hampshire (10-11 
degrees ) .  

Winter minimum temperature d i f f e r e n c e  ranges 
a r e  l a r g e s t  a long t h e  nor thern  New England c o a s t  
(12 degrees ) ,  west of t h e  Great Lakes (10-11 
d e g r e e s ) ,  c e n t r a l  Gulf Coast (10-11 degrees )  and 
western Tennessee (10 degrees) .  The smal les t  
ranges occur  i n  sou thern  F l o r i d a  ( 6  degrees )  and 
t h e  Middle A t l a n t i c  a r e a  (6-8 degrees) .  

The s p r i n g  maximum temperature range maps 
shows a north-south g r a d i e n t  of 8 t o  3 degrees i n  
t h e  southern ha l f  of t h e  s tudy area.  Re la t ive  

Figure If. Datee of s ignif i -  
cant November-December cooling. 

minima occur  i n  l o v e r  Michigan ( 7  degrees )  and 
sou thern  New Ecgland (5-6 degrees) .  Re la t ive  
maxima occur  i n  sou thern  Indiana and n o r t h  
c e n t r a l  New York ( 1 0  degrees) .  The minimum 
temperature range map shows t h e  l a r g e e t  ranges 
o c c u r r i n g  i n  t h e  Ohio and Shenandoah Valleys (10 
d e g r e e s )  and i n  c e n t r a l  Nev York eastward i n t o  
New Hampshire ( 8  degrees ) .  The s m a l l e s t  ranges 
a r e  i n  sou thern  F l o r i d a  and Cape Code ( 4  degrees )  
and around Lake Super ior  (5-6 degrees) .  

S m e r  maximum temperature d i f f e r e n c e  ranges 
g r a d u a l l y  i n c r e a s e  from 4 t o  8 degrees 
northward from F l o r i d a .  The s m a l l e s t  va lues  a r e  
a long  t h e  F l o r i d a  Gulf Coast ( 2  degrees).  The 
minimum temperature map d e p i c t s  a north-south 
g r a d i e n t  i n  t h e  i n l a n d  a r e a s  from 10 t o  4 
degrees.  The h i g h e s t  v a l u e s  a r e  i n  lower 
Michigan, and a secondary maximum (6  degrees)  
occurs  from n o r t h e r n  Alabama i n t o  c e n t r a l  South 
Caro l ina .  The lowes t  va lues  (3-4 degrees )  occur  
along t h e  Gulf and A t l a n t i c  Coasts .  

The l a r g e s t  autumn maximum temperature 
d i f f e r e n c e  ranges  (10  degrees )  occur  i n  a 
V-shaped a r e a  from Minnesota southeastward t o  
West V i r g i n i a  southwestward t o  Arkansas. Another 
maximum of t h e  same magnitude occurs  i n  t h e  
e a s t e r n  Caro l inas .  The lowest  va lues  occur  i n  
n o r t h e r n  Michigan and e a s t e r n  Pennsylvania 
through sou thern  Vermont ( 6  degrees ) ,  and 
i n  sou thern  F l o r i d a  ( 4  degrees ) .  

The autumn minimum temperature d i f f e r e n c e  
range map has  maximal va lues  i n  nor thern  
Minnesota - s o u t h e a s t e r n  Wisconsin ( 10-13 
d e g r e e s ) ,  Maine (10-11 degrees ) ,  West V i r g i n i a  
(10 degrees )  and Mississippi-Alabama-central 
Tennessee (10-11 degrees ) .  Southern F l o r i d a  has 
t h e  l o v e s t  v a l u e s  ( 6  degrees ) .  Most of t h e  s tudy 
a r e a  shows ranges of  7-9 degrees.  

For most s t a t i o n s  i n  a l l  seasons.  t h e  
a b s o l u t e  va lue  of t h e  h ighes t  and lowest maximum 
o r  minimum temperature d i f f e r e n c e  i s  ha l f  t h e  
range. There i s  very l i t t l e  skewness of the 
range around t h e  mean of t h e  seasonal  temperature 
d i f f e r e n c e s .  The v a r i a b i l i t y  of t h e  temperature 



Jan - Mar Apr - Jun Jul - Sep Oct - Dec 
Maximum Temperature 

Low 1.0 (Florida) 0.6 (Florida) 0.6 (Florida) 0.8 (Florida) 
A igh 2.2 (Ohio 2.0 (Michigan) 1.8 (Great 2.1 (Ohio 

Valley 1, Lakes 1 Valley 

Minimum Temperature 
L w  1.4 (Florida) 0.8 (Florida) 0.7 (Plorida) 1.2 (Florida) 
E igh 2.1 (Wiscon- 1.7 (Ohio 1.9 (Michigan) 2.0 (Ohio 

sin, New Valley 1 Valley) 
England 

differences is seasonally and latitudinally 
dependent. The standard deviations are lowest in 
s u m e r  and highest in vinter. They are also 
lowest in Plorida and highest in the Ohio 
Valley-Great Lakes area. Table 2 sunmarites the 
variability of the standard deviations. 

3. CONCLUSIONS 

Based on data from .74 stations in the 
ustern half of the U. S., the normals and 
30-year average daily temperatures were 
determined to be different. The aagnitude and 
variability of the differences, which are 
measures of the errors in the synthetic, 
published normals, are sufficient to question the 
w e  of the cubic spline fit through monthly 
values to describe a daily climate. 

The investigation into the structure of the 
differences should be continued. It was 
determined from this study that one day 
persistence is a feature vhen working with 30 
years of daily data. The residual series created 
after mudelling the serial correlation still 
shows non-randomness for many stations. The 
causes should be identified and attributed to 
sound meteorological principles. The possibility 
of climatic singularities as evidenced from the 
analysis of the 30 temperatures (1951-80) on 
selected dates also needs to be investigated in 
more detail. Further study will lead to a better 
description of the temperature climate than is 
currently provided by the published normals. 
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